Abstract. Sun photometer measurements at the AERONET station at the North Sea coast in The Hague (The Netherlands) provide a climatology of optical and physical aerosol properties for the area. Results are presented from the period January 2002 to July 2003. For the analysis and interpretation these data are coupled to chemical aerosol data from a nearby station of the Dutch National Air Quality Network. This network provides PM 10 and black carbon concentrations. Meteorological conditions and air mass trajectories are also used. Due to the location close to the coast, the results are strongly dependent on wind direction, i.e. air mass trajectory. In general the aerosol optical properties are governed by industrial aerosol emitted form various industrial, agricultural and urban areas surrounding the site in almost all directions over land. For maritime air masses industrial aerosols are transported from over the North Sea, whereas very clean air is transported from the NW in clean polar air masses from the North Atlantic. In the winter the effect of the production of sea salt aerosol at high wind speeds is visible in the optical and physical aerosol data. In these cases fine and coarse mode radii are similar to those reported in the literature for marine aerosol. Relations are derived between theÅngström coefficients with both the fine/coarse mode fraction and the ratio of black carbon and PM 10 .
Introduction
The Hague, situated in The Netherlands at the coast of the North Sea, and close to major cities, highways and industrial areas (see the map in Fig. 1 ), experiences a large variation in aerosol properties. Clean air is transported to The Hague in arctic air masses that travel long distances over the Correspondence to: J. Kusmierczyk-Michulec (jolanta.kusmierczyk@tno.nl) ocean, whereas continental air masses usually bring polluted air. The aerosol load is augmented by local sources.
TNO (52 • 06 ′ 35 ′′ N; 04 • 19 ′ 36 ′′ ) is situated at the outskirts of The Hague at 2.5 km from the North Sea, separated by an uninhabited dune area. Hence, in northwesterly winds the air masses reaching the site are only influenced by natural local sources such as sea spray produced in the surf zone (De Leeuw et al., 2000) and emissions from the vegetated sand dunes. In westerly and southwesterly winds the air masses are influenced by emissions over the UK. In contrast, to the south and southwest there are major industrial sources such as the Rotterdam harbour area Europoort with petrochemical industries and the urban agglomeration of The Hague which extends to the southeast and east. To the northeast are a large airport (Schiphol) and urban agglomerations such as Amsterdam and Utrecht. Major highways are all around from the south to the north east. Obviously the various environments influence the aerosol optical properties observed at The Hague where good visibility is associated with north westerly winds and low visibility occurs when the wind is from the east to south sector (Lamberts and de Leeuw, 1986) .
In this paper we present results from a study on the optical aerosol properties at the North Sea coast, based on sun photometer measurements made in The Hague, on the premises of the TNO, between January 2002 and July 2003. The station is part of the AERONET network (http://aeronet. gsfc.nasa.gov) (Holben et al., 2001) . The results available from AERONET are coupled to chemical aerosol information from a nearby station that is part of the Dutch National Air Quality Network (LML) operated by RIVM (http: //www.rivm.nl/milieukwaliteit/lucht/). This station provides PM 10 and BC, which are used in the interpretation of the spectral aerosol optical depth and derived aerosol properties that are routinely available from AERONET. Local meteorological conditions and backward air mass trajectories are also used. Seasonal differences are discussed. The empirical orthogonal function (EOF) method (e.g. Lorenz, 1956 ; Preisendorfer, 1988 ) is applied to extract the main spectral features corresponding to the main aerosol types and to analyze their variability.
Experimental
The data presented in this paper were derived from measurements with a CIMEL sun photometer. The technical details of the instrument are described in the Cimel Sun Photometer Manual (http://aeronet.gsfc.nasa.gov). The instrument measures the aerosol optical depth at four wavelengths (440 nm, 670 nm, 870 nm and 1020 nm), and the sky radiance in aerosol channels in the azimuth plane (the almucantar technique) and in the principal plane. These data are used in the AERONET standard procedures to retrieve information on columnar aerosol characteristics such as the aerosol optical depth,Ångström coefficient and size information. Data processing, cloud-screening algorithm, and inversion techniques are described by Holben et al. (1998 Holben et al. ( , 2001 , Eck et al. (1999) , Smirnov et al. (2000) , , and .
Information on the aerosol chemical composition is available from LML. The station that is most representative of the AERONET site in The Hague is rural station 444 in De Zilk. The distance between both locations is approximately 35 km. De Zilk is situated in the NE direction from The Hague. Both stations are situated just east of the dunes, i.e. about 2.5 km from the coastline. Relevant aerosol data available from this station are PM 10 (particulate matter with an aerodynamic diameter of less than 10 µm) and black carbon concentrations. Black carbon (particles mostly smaller than 2.5 µm) is available as daily values and PM 10 is available on an hourly basis.
RIVM's National Air Quality Monitoring Network in the Netherlands performs continuous PM measurements i.e. PM 10 and PM 2.5 , using an FAG-type β-dust monitor (Van Elzakker, 2000) . The sampling air is heated (to 50 • C) in order to remove water from aerosol particles (Buringh and Opperhuizen, 2002) . The drawback of the heating is a removal of semi-volatile compounds e.g. ammonium nitrate which leads to the losses in PM measurements. The correction methods for a systematic underestimation by the sampling equipment are described by Hammingh (2001) and discussed in detail by Buringh and Opperhuizen (2002) . The amount of black carbon is estimated based on the PM measurements using the so-called light-reflectance method (Buringh and Opperhuizen, 2002) .
Methodology

The analysis methods for the AERONET data
The analysis presented is in this paper focuses on data collected from January 2002 to July 2003. Only Level 2.0 data, i.e., quality assured and cloud free, are used (cf. http: //aeronet.gsfc.nasa.gov). The hourly mean values of the aerosol optical depth at four wavelengths λ were calculated. TheÅngström coefficient α (also known asÅngström exponent orÅngström parameter) was obtained from fitting the spectral aerosol optical depth spectrum τ A (λ) to a power law function (Ångström, 1929) :
following the AERONET procedure, in the spectral range from 440 nm to 870 nm. Aerosol volume size distributions in the radius range 0.05-15 µm at the AERONET site have been calculated with the retrieval algorithm described by and Dubovik et al. ( , 2002 . The algorithm allows for the simultaneous retrieval of aerosol particle size distribution and complex refractive index from spectral optical depth measurements combined with the angular distribution of sky radiance measured at different wavelengths. The algorithm assumes that the atmosphere is vertically homogeneous and that the aerosol particles are spherical.
The aerosol volume distributions are modelled as a bimodal lognormal function (e.g., Shettle and Fenn, 1979; Remer and Kaufman, 1998; Hess et al., 1998) :
where C v is the particle volume concentration, r v -the median radius and σ -the standard deviation. The first mode indicated by i=1 refers to a "fine mode" and the second one, i=2, corresponds to a "coarse mode". The fine and coarse modes are divided by a radius r=0.6 µm (Dubovik et al., 2002) . The interpretation of the results derived from the sun photometer measurements is supported by the air mass backward trajectories available from AERONET. The trajectories are based on the National Aeronautics and Space Administration (NASA) Goddard kinematic trajectory model (Schoeberl and Newman, 1995; Pickering et al., 2001) . The computed air parcels movements are driven by assimilated meteorological data products obtained from the NASA Goddard Global Modeling and Assimilation Office which supplies the meteorological information in a 1.25 degree longitudinal and 1 degree latitudinal spatial resolution on 55 hybrid sigmapressure vertical levels (T. Kucsera, personal communication). The trajectory analyses start at four pressure levels i.e. at 950, 850, 700, and 500 hPa, which roughly correspond to altitudes of 0.5, 1.5, 3 and 5 km.
The Empirical Orthogonal Function (EOF) method
Let τ Ai (λ j ) be an aerosol optical depth spectrum, where the subscript i symbolizes each successive measurement, i=1, ..., N , and the subscript j corresponds to the number of spectral channels, j =1,..., M, and M=4. The mean aerosol optical depth for each wavelength is given by:
and the fluctuations from the mean *τ Ai (λ j ) are:
The fluctuation spectra are approximated by expanding them into a series of orthogonal functions h k (λ j ):
where the functions h k (λ j ) should fulfill the conditions of orthogonality and be normalized.
The functions h k (λ j ) are called modes or main components, coefficients β ik are called amplitude functions or simply amplitudes (e.g., Lorenz, 1956; Preisendorfer, 1988) . In the EOF method, functions h k are chosen as eigenfunctions (eigenvectors) of the covariance matrix ℑ(λ i , λ j ),
which, at the same time, are solutions of where ℘ k are eigenvalues of the covariance matrix. Eigenvalues ℘ k and eigenvectors h k are calculated by Jacobi's method (Ralston, 1975) . Using Eqs. (4) and (5), the values of aerosol optical depth can be derived from:
where L is the number of modes chosen in accordance with the criterion ℜ(L), defining the contribution of the eigenvalues to the total variance,
Values of ℜ(L) are assumed to be of the order of 0.90-0.95 (e.g., Nielsen, 1979; Jankowski, 1994) . Mode h 1 contains the maximum energy of the entire data set, mode h 2 contains the maximum energy of what is left after the first mode has been subtracted, etc.
Results
Aerosol optical depth
An overview of the sun photometer data is presented in Fig. 2 , which shows the time series of the aerosol optical depth at 440 nm (Fig. 2a) , and theÅngström coefficients ( Fig. 2b) . The aerosol optical depth varies from lower than 0.05 to 1.4. Gaps between data occur when there were no measurements due to the presence of clouds. Cloud occurrence at the coast of the Netherlands is associated with certain weather patterns. Westerly winds transport air masses over the North Sea where they pick up moisture which often results in the formation of clouds. In contrast, when the wind is from the east, i.e., from over land, the air is often dry and the sky is clear. Hence, although the governing wind direction in The Netherlands is SW, clear sky is often associated with easterly winds. Therefore, also the aerosol optical depth observations are predominantly made in easterly wind directions (Fig. 3) . Because in The Hague easterly winds are usually associated with air masses that passed over major emission regions also the distribution of optical properties derived from sun photometer measurements is expected to be somewhat biased to high values. Based on the frequency histograms of τ A (555), the most probable values i.e. the values at which the probability distribution of τ A (555) has its maximum, can be determined. These values, for each month, are reported in Table 1 . The wavelength 555 nm was selected because it is representative for the visual range which is often used as a reference.The values were obtained by interpolation between 440 nm and 670 nm, using theÅngström coefficients. The most probable values of the aerosol optical depth at 555 nm are between 0.1 and 0.2, although excursions to both lower and higher values are frequently observed. Figure 2b shows theÅngström coefficients during the study period. The values vary from close to 0 to about 2, indicating large variability of the shape of the aerosol particle size distributions. Based on the frequency histograms of α, the most probable values i.e. the values at which the probability distribution of α has its maximum, were determined for each month. The results are presented in Table 1 . Often the most probable values are above 1.4. During two months, January and November, the most probable values are much smaller. There is no clear trend in the variation of theÅngström coefficients.
4.2Ångström coefficient versus PM 10 , BC and wind direction sector
When the particle size distribution is dominated by small particles, usually associated with pollution, theÅngström coefficients are high; in clear conditions they are usually low. Therefore a correlation is expected between theÅngström coefficients and chemical composition. The different data were time synchronized and all data were divided into 10 subgroups, corresponding toÅngström coefficient values ranging from 0 to 2, with a step of 0.2 (see Table 2 ). The data were further divided into subgroups with PM 10 <50 µg/m 3 (clean air according to the EU air quality norm) and with 50 µg/m 3 ≤PM 10 <200 µg/m 3 (moderate smog). Table 2 and Fig. 4 show that in both cases theÅngström coefficient increases with the percentage contribution of BC to PM 10 . The solid curves in Fig. 4 are 3rd degree polynomials fitted to the data.
On clean days BC/PM 10 increases monotonously with the Angström coefficient whereas on days with moderate smog a maximum is observed for α between 1.2 and 1.6. This maximum suggests that the further increase of PM 10 is not caused by increase of BC, but by other species. However, because no other measurements are available this cannot be further interpreted. The relation obtained for the clean days is similar to that derived from observations over the Baltic Sea (Kusmierczyk-Michulec et al., 2002) , with coefficients that are within the experimental error. Table 2 also shows the wind speed and wind direction. Wind speed is a factor which influences both the generation and the removal of aerosol particles, i.e. both production and removal increase with increasing wind speed. In particular, over sea the amount of sea spray aerosol increases with u 3 when the wind speed is larger than 3-4 m/s causing wave breaking and the generation of sea spray particles. Table 2 shows that the lowestÅngström coefficient values were observed at relatively high wind speed, 6-11 ms, during wind from sea (201 • -39 • ). Likely production of sea spray and the enhanced deposition of fine particles worked together to change the ratio between fine and coarse particles. Table 2 shows that both the lower values of theÅngström coefficients and the changes in the contribution of BC are usually associated with wind from sea (201 • to 39 • ) whereas the higherÅngström coefficients are associated with wind from land (40 • to 200 • ). This is illustrated by the polar diagram of theÅngström coefficients vs. wind direction in Overlaying Fig. 5 with the map presented in Fig. 1 shows that the highestÅngström coefficients are associated with Table 2. large cities and industrial regions to the NE, SE and S. The industrial influences observed in wind directions from land (NE-SW) can be ascribed to the presence of local sources (see Fig. 1 ), whereas in wind from sea (SW-NE) the observed presence of fine particles is mainly due to transport of aerosol produced further away.
To further investigate the various influences on the observed aerosol optical depth values, the Empirical Orthogonal Function (EOF) method (Preisendorfer, 1988) was applied to the aerosol optical depth spectra.
Application of the EOF method to the aerosol optical depth measurements in The Hague
The EOF method has been used to analyze, e.g., large meteorological datasets (e.g., Lorenz, 1956) or the variability of water temperature, salinity, density (e.g., Jankowski, 1994) and sea level (e.g., Nielsen, 1979) . KusmierczykMichulec and Darecki (1996) and Kusmierczyk-Michulec et al. (1999) applied the EOF method to the aerosol optical depth over the Baltic Sea to understand the temporal and spatial variability. Three different air mass types could be distinguished, each with their own characteristic aerosol properties corresponding to different residence times over sea. Effects of thermal stratification on the aerosol optical depth were identified. The EOF method was also successfully applied to data collected at the Polish coast (Sopot, Hel) in the period from July 1997 to May 1999 to distinguish between different aerosol types as function of the wind direction (Kusmierczyk-Michulec and Marks, 2000) . In this paper the EOF method was used to analyze the aerosol optical depth data collected in The Hague. Data were separated into subsets corresponding to four seasons, for either onshore or offshore wind. Seasons were defined as: winter (January, February, November and December), spring (March, April), summer (May, June, July and August) and autumn (September and October). The wind blowing from the land was attributed to the wind direction sector NE-SSE (40 • to 200 • ), and the wind from the sea was indicated by the wind direction sector SSE-NE (201 • to 39 • ). Table 3 presents the EOF results, including the values of the coefficients α and γ (see Eq. 1) for both <τ A (λ)> and h 1 (λ); the mean values of the aerosol optical depth <τ A (555)> and its standard deviation σ τ , as well as the maximum and minimum amplitude for each data subset. In all situations, the contribution of the eigenvalues to the total variance ℜ was higher than 92%. This implies that only the first eigenvector is significant and higher modes can be neglected. Therefore in all cases Eq. (9) can be written as:
The deviation from the mean value (mean spectrum) <τ A (λ j )> is expressed by the product of the amplitude function β i1 and the first mode h 1 . The added value of Eq. (11) is that instead of analyzing the differences between the aerosol optical depth values at a single wavelength we can analyze the differences between the vectors describing the aerosol optical depth over the whole range of discrete wavelengths. As an example, the amplitudes for the winter data set for the SSW-NE sector are presented in Fig. 6 . From this graph we can identify days when the amplitude was close to β min , β max or β→0. For instance, data from 24 January 2003 were chosen as representative for the mean spectrum of the aerosol optical depth, defined by β→0. These days can be matched with the chemical data and the retrieved aerosol size distributions for the interpretation of the differences between the extreme cases in terms of the differences in the associated size distributions and aerosol types.
Interpretation of the EOF results
The amplitude function
For each season and wind direction sector the optical data τ A (555) and α were grouped together with the corresponding chemical data PM 10 and the amplitude values. The chemical and optical data in Table 4 represent the median values and are given for 5 ranges of the amplitude values: β max , 1 / 2 ×β max , β→0, 1 / 2 ×β min and β min . Figure 7 shows the spectral distribution of the aerosol optical depth with their extremes. The exact values of the aerosol optical depth for other wavelengths may be reconstructed using Eq. (11) and proper parameters from Table 3 . The highest values of the amplitude function correspond to the highest values of the PM 10 concentration and τ A (555). There are small variations between seasons. The values of τ A (555) in spring and summer were much higher than in autumn and winter. However, there is no significant direct correlation between τ A (555) and PM 10 in any season or wind sector, except in the winter with wind from land (Correlation Coefficient=0.60, see 2003) and for Ispra (Chu et al., 2003) , whereas at other sites there was no correlation (e.g., Engel-Cox et al., 2004) .
It should be emphasized that the aerosol optical depth values represent vertical column-integrated properties whereas the PM 10 data are the "surface" data. This kind of comparison is justified in the well-mixed boundary layer. The mixing layer height (MLH) can be determined e.g. from ceilometer backscatter profiles. Such measurements were done in The Netherlands in the experimental site in Cabauw, situated about 64 km from The Hague. Table 3 and Eq. (11). In addition the standard deviation for each mean value at a given wavelength was added.
MLH is much lower than during the spring and summer. The smallest amplitude of the diurnal variation is found for December (110 m) while the maximum one is observed in April (around 570 m). These results corroborate our observations regarding the seasonal variations of the aerosol optical depth values. Table 4 shows that there is no significant correlation between τ A (555) and relative humidity (RH). The RH values of 83% do not explain the extremely high values of the aerosol optical depth i.e. τ A (555)>0.6.
To further investigate this for the Dutch North Sea coast, the data was divided into 5 subgroups, corresponding to τ A (555) values ranging from 0 to 1, with a step of 0.2 (see Table 5 ), for clear days (PM 10 <50 µg/m 3 ) and for moderate smog (50 µg/m 3 ≤PM 10 <200 µg/m 3 ). The results show that for clean days the AOD increases linearly with PM 10 for AOD up to 0.7. For higher values of τ A (555) there is an opposite trend. It is noted that for these cases the number of measurements was limited and hence the statistical significance is low. For days with moderate smog a similar trend is observed. However, the decrease starts at lower values of τ A (555), i.e. around 0.5.
The results presented in both Tables 4 and 5 show that the values of τ A (555)>0.6 were registered during the days with moderate smog (50 µg/m 3 ≤PM 10 <200 µg/m 3 ) as well as during the clean days (PM 10 <50 µg/m 3 ). Closer look at the data reveals that three out of 27 single measurements with τ A (555)≥0.6 (see Table 5 ) were registered during the spring season and the other ones during summer. The spring high values were clearly related to the high PM 10 values (72, 89 and 106 µg/m 3 ). The daily mean RH values did not exceed 82% and they would not explain these high aerosol optical values.
The summer high vales of τ A (555)>0.6 are more difficult to interpret. They represent 6 days of measurements. Only for one day i.e. 1 of June 2003, the high values of τ A (555) are clearly related to the high values of PM 10 (between 56 and 89 µg/m 3 ). The air mass backward trajectories indicate for the long residence time over land and the passage over large urban areas. The blue sky and relatively low values of RH (about 66%) eliminate an argument about an influence of clouds or high humidity. Hence, the high aerosol optical depth can be explained by the high PM 10 values characteristic for days with moderate smog.
The other 5 days represent more complicated situation characterized by the high daily variations of PM 10 values. Because of this high variability of PM 10 during a day, some measurements of the aerosol optical depth were classified as measured during "clear day" (PM 10 <50 µg/m 3 ) and some as measured during "moderate smog" (50 µg/m 3 ≤PM 10 <200 µg/m 3 ). The example is It is interesting to point that for the winter and autumn data there is a strong relation between the amplitude function and the wind speed (u) in the wind sector SSW-NE (from sea). This relation for the autumn data is given by:
The value of the amplitude function decreases with the wind speed. Equation (12) has a very local character. However, it illustrates that there is a connection between a mathematical parameter like β and a physical parameter like the wind speed and hence the EOF analysis results have a physical interpretation. The winter data in Table 4 shows a similar pattern of increasing amplitude function with the wind speed. The explanation of these differences is connected to the physical interpretation of the eigenvectors for both data sets.
The physical interpretation of the eigenvectors
For the interpretation of the observed optical aerosol properties the chemical composition, the volume size distribution and the air mass trajectories are used. For each mean spectrum <τ A (λ)> and eigenvector h 1 (λ) the corresponding aerosol volume size distribution in the radius range 0.05-15 µm was selected from the AERONET website. shows distributions corresponding to data representing the minimum, mean and maximum aerosol optical depth for different seasons and wind sectors. Examples of 1-day backward trajectories arriving in The Hague are presented in Fig. 10 , for two wind sectors: NE-SSW (Fig. 10a ) and SSW-NE (Fig. 10c) . Figure 10b shows examples of 5-day backward trajectories for the NE-SSW sector which have strong oceanic origin but due to passage over land during at least one day the maritime character has largely been lost. Below the results are discussed for different wind sectors.
NE-SSW sector: off shore wind and continental air masses
The air mass backward trajectories for the NE-SSW wind sector confirm that the air masses originate over land. The long residence time over land and in particular the passage over large urban areas cause high concentrations of fine particles and high values of theÅngström coefficients. Figures 9a-b show the pronounced maximum in the "fine particles" range. The peak mode radius in the volume size distribution is 0.05-0.19 µm, except for the spring maximum volume size distribution which peaks at about 0.33 µm. The coarse mode has a weak minimum and coarse mode radii vary roughly between 2 and 5 µm. Figure 10a shows examples of air mass trajectories for the days corresponding to the maximum, mean and minimum aerosol optical depth on 21 March, 18 April and 7 April 2003, respectively. The maximum aerosol optical depth on 21 March is presumably due to emissions picked up over the Ruhr area in Germany. On 7 April the trajectories were more northerly and traveled over sea where the concentrations of fine particles gradually decrease due to removal processes (dry deposition) and are not replenished by local sources or by secondary production once the precursor concentrations are too low. On the other hand, coarse particles are generated at the sea surface. Due to the combined removal and production processes, the shape of the particle size distribution changes, in this case it shifted from fine to coarse particles. The wind speed that day was moderate (5-7 m/s), and hence the coarse mode amplitude was smaller than on 18 April.
In all land (NE-SSW) cases the EOF solutions are rather uniform: theÅngström coefficients for the mean value <τ A (λ)> and the first eigenvector h 1 (λ) have similar values, around 1.4-1.5 (see Table 3 ). Such values, taking into account numbers from Table 2 , indicate domination of industrial aerosol with a large contribution of sub micron particles. In winter the values of theÅngström coefficients are around 1.3 and most of the data were collected during smog events with PM 10 higher than 50 µg/m 3 (see Table 4 ). In these cases (Table 2) there is a high BC contribution, around 15%. Hence the mean value <τ A (λ)> and the first eigenvector h 1 (λ) should be related to the industrial aerosol type.
An example of the relation between the amplitude function and the aerosol size distribution is given for the autumn data in Fig. 9b . The 5, 3 and 24 September 2002 represent the maximum, mean and the minimum aerosol optical depth. The aerosol size distribution corresponding to the maximum amplitude is characterized by a strong fine mode and a much weaker coarse mode. For the mean and the minimum aerosol optical depths the contribution of fine particles is less signifi- cant. TheÅngström coefficients are very high, i.e. larger than 1.7. The relation between fine and coarse mode C vf /C vc , changes from 3.25 for β max, to 1.4 for β min .
5.2.2 SSW-NE sector: onshore wind and maritime air masses Figure 10c shows five days air mass back trajectories for 18 June 2003, and for 26 and 24 June 2002, i.e. the days representing the maximum, mean and the minimum aerosol optical depths for the SSW-NE wind direction sector. The 5-day backward air mass trajectories originated from the Atlantic Ocean, and were transported over Ireland, the UK and the North Sea. Examples of the aerosol size distributions corresponding to the EOF results for the maritime (SSW-NE) wind direction sector and for two seasons (summer and winter) are presented in Figs. 9c-d . The similar aerosol size distribution, as in summer, was observed for this wind direction sector also in spring and autumn. The characteristic feature of these aerosol size distributions is that they are dominated by fine particles with the fine mode radius between 0.05 and 0.19 µm. TheÅngström coefficients are typical for industrial aerosol. The aerosol volume size distribution for winter (Fig. 9d) is completely different because of its strong peak in the coarse mode with mode radius between 3 and 5 µm. For this dataset the first eigenvector h 1 represents the maritime aerosol. Table 6 summarizes the retrieved aerosol size distribution parameters for both wind direction sectors. The difference between parameters describing the fine mode is negligible, for the coarse mode the differences are larger.
On 18 June 2003, the high contribution of fine particles is ascribed to emissions in the major industrial area around Manchester (UK). On 26 June 2002 the source of fine particles may be major cities like London or Birmingham. On 24 June 2002 the industrial influences may come from cities such as Manchester or Belfast. In all these situations the residence time of air masses over the North Sea was too short to cause significant removal of fine particles. The wind speed was about 5 m/s, i.e. too low to cause significant white capping and thus creation of sea spray aerosol that would show up in the coarse mode.
In contrast, the winter volume size distributions were dominated by coarse particles (Fig. 9d, e. g., 16 January) and the Angström coefficients were typical for the maritime aerosol type. The domination of the size distribution by coarse particles is anticipated to be due to elevated wind speed (10 m/s) leading to significant production of sea spray. For other days characterized by high values of the amplitude function (see Fig. 6 ), i.e. a large contribution of coarse particles, the wind speed was also high. On 19 January 2002 and 3 November 2002 the wind speed was around 11 m/s, on 28 January in both 2002 and 2003 the wind speed was about 16 m/s. The total volume of coarse particles is almost 10 times higher than that of the fine mode volume (C vf/ C vc ≈0.1). For the mean aerosol optical depth the contribution of the fine fraction is larger, but there still is a significant coarse fraction (C vf/ C vc ≈0.24). For the minimum aerosol optical depth the fine and coarse mode contributions are similar (C vf/ C vc ≈1.02). It is noted that the median sizes of both modes are in good agreement with values reported by Smirnov et al. (2003) for oceanic aerosol. Figure 11 shows the relation between theÅngström coefficients and C vf/ C vc for clean days and days with moderate smog. There is not much difference between these two separate categories. For the days with moderate smog the relation between theÅngström coefficient and C vf/ C vc can be presented by:
The EOF solutions for the maritime wind sector (SSW-NE) show more variation than for the continental wind sector. In the summer the values of theÅngström coefficients indicate again the dominance of industrial aerosol. The contribution of BC (Table 4) is a bit lower than for the land direction, but still significant. The EOF solution representing the spring data is quite similar. Also in the autumn the industrial aerosol type dominates. It is interesting to note that with decreasing contribution of the first eigenvector, expressed by the amplitude β, the amount of BC also decreases. TheÅngström coefficient corresponding to β min is 0.575, indicating the presence of mar- itime aerosol. The relation between the amplitude values and the wind speed was discussed above.
In the winter the amplitude function also increases with the wind speed. The values of theÅngström coefficients are 0.990 for β min , 0.385 for β →0, and 0.144 for β max . In this case the eigenvector can be associated with sea-salt. Table 3 shows that for the maritime wind sector in the winter α is negative (i.e. −0.246). This can only happen when the size distribution is governed by coarse particles, associated with the occurrence of sea spray generated over the North Sea at elevated wind speeds.
Conclusions
Aerosol physical and optical properties derived from sun photometer measurements at a coastal site near The Hague are interpreted in terms of meteorological conditions and air mass trajectories, as well as data on PM 10 and BC available from the network at nearby site. The principal conclusions are:
1. The EOF method applied to the aerosol optical depth data allowed for the analysis of all data using the mean spectrum, the first eigenvector and the amplitude function. The mean spectrum and the first eigenvector include spectral information that can be related to the chemical measurements and the aerosol size distribution. The amplitude function can be interpreted as the contribution of the first eigenvector to the total aerosol optical depth.
2. The EOF results show that the industrial aerosol type, characterized by highÅngström coefficients (larger than 1.4-1.5), dominates when the wind direction is from land (NE-SSW) due to the vicinity of large cities and industrial areas. Industrial aerosols may be also observed when the wind direction is from the North Sea but the air mass has been influenced by transport over polluted areas, such as industrial and urban areas in the United Kingdom.
a coarse mode with r vc of 3.12 µm. The size distribution for the maritime aerosol type has a fine mode with r vf =0.17 µm, and a coarse mode with r vc =2.81 µm, in good agreement with other observations (Smirnov et al., 2003) .
4. The maritime aerosol type observed in The Hague is an example of a mixture of maritime and "polluted" aerosols in a ratio that varies with the distance and the source. Sea spray aerosol is generated over the North Sea at moderate and high wind speeds and it affects the optical properties that are observed at the site in The Hague (ca. 2.5 km from the sea) in westerly winds. A correlation between the coarse particle mode and wind speed, ascribed to the generation of sea spray aerosol, has been identified. The fine particle mode is due to pollutants generated locally and in the areas upwind from the site.
